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LEPTOSPIROSISt
1. INTRODUCTION
Leptospirosis is a disease of growing world-wide importance. During the
past three decades the number of human infections recognized in this coun-
try has increased at an ever mounting rate, so that reports of 20 to 80 cases
from a single city have become commonplace."' This trend, which promises
to continue, can probably be related to the growing alertness of clinicians to
the possibility of infection, the evolution of a broader concept of the clinical
picture to be expected, expanding knowledge of the distribution of lepto-
spirae in animals, and, perhaps most important of all, the wider availability
of diagnostic laboratory facilities.
There are a large number of antigenically distinct strains of pathogenic
leptospirae,"' but only six have thus far been implicated as sources of
human infection in the United States: L. icterohaemorrhagiae,' L. canicola,'
L. pomona,7 L. grippotyphosa,' L. autumnalis,9 0 and L. bataviae.11 In addi-
tion, several other pathogenic strains have been recovered from rodents,1'
but as yet have not been found in man.
Leptospiral strains may vary not only in antigenic structure but also in
epidemiological and clinical behavior. Nevertheless, the infections they pro-
duce in man invariably follow direct or indirect contact with animals that
serve as their natural reservoirs, and are all characterized by early lepto-
spiremia and an acute febrile reaction of abrupt onset and relatively brief
duration. In addition, many strains invade specialized tissues producing
lesions in the liver, kidneys, meninges, and eyes, which not only prolong the
disease but also give rise to many of its most distinctive clinical features.
Thus, classical Weil's disease, an infection due to L. icterohaemorrhagiae,
is usually accompanied byjaundice and signs of renal injury, while swine-
herd's disease, an,infectiopu fgo, L. pomona, is usually characterized by
meningitis. Alth6gigh the lesions produced by each of the leptospiral strains
tend to fall into a distinctive pattern, they are by no means constant, and
most strains are potentially capable of producing the same lesions. Thus,
any given strain may fail to produce localizing signs, or may give rise to
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hepatitis, nephritis, or meningitis, either alone or in combination. Of inter-
est in this connection is the fact that the same strain may produce different
clinical manifestations in various parts of the world. Recent experience in
this country with L. grippotyphosa, L. autumnalis, and L. pomona bears
this out.
Nomenclature presents something of a problem in any discussion of
leptospirosis. The term Weil's disease, which usually implies an infection
with L. icterohaemorrhagiae, is sometimes also applied to any leptospirosis
accompanied by jaundice, or, even more loosely, to leptospiral infections in
general. Since jaundice is an inconstant finding, even in Weil's disease, it
would appear to be an inadequate basis for classification. Moreover, while
the infections produced by many leptospiral strains closely resemble Weil's
disease, their epidemiological features are often very different. For the sake
of clarity, therefore, the term Weil's disease should be restricted to infec-
tions with L. icterohaemorrhagiae. On the whole, however, the term lepto-
spirosis, qualified wherever possible by the specific strain, is to be preferred,
since it is more informative and less likely to be confusing. In some cases,
localizing signs in the meninges, kidney, or eye are such a striking feature
of the disease that use of the terms leptospiral meningitis, nephritis, or
uveitis would appear to be justified, even if only to underline the unusual
etiology of a lesion commonly due to other causes.
A number of other terms are also used to describe leptospiral infections
in various parts of the world."' These are based either on the geographical
distribution of the disease or on one of its clinical or epidemiological fea-
tures. For the most part these came into use before the etiology of the
disease was known, so that it is not surprising that infections with the same
strain of leptospira are often known by a multiplicity of names. Although
confusing, there may be some justification in retaining these names, since
the clinical and epidemiological behavior of some strains appears to vary in
different parts of the world. Some of the names used in connection with
the leptospiral strains recovered in this country are of interest: (1) L. cani-
cola-canicola fever, (2) L. grippotyphosa-mud fever, water fever, har-
vest fever, or summer influenza (Europe), (3) L. pomona-swineherd's
disease (Europe), Pomona or 7-day fever (Australia), (4) L. autumnalis
-autumnal fever, Hasami fever, or Akiyami (Japan), Fort Bragg or
pretibial fever (U.S.A.), (5) L. bataviae-Indonesian Weil's disease.
11. ETIOLOGY
1. Classification of leptospirae. Leptospirae are classified on the basis of
their antigenic structure as revealed by cross agglutination-lysis and cross
agglutination-absorption tests with specific antisera. Recent evidence'"
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indicates that there are at least 36 antigenically distinct strains or serotypes.
Some of these exhibit variations in the complexity of their antigenic struc-
ture and are accordingly further subdivided into complete and incomplete
biotypes. The individual strains show striking differences in virulence, geo-
graphical distribution, natural hosts, and the clinical manifestations they
produce. However, as previously indicated, the latter are not sufficiently
characteristic or constant to permit distinction between the various types
of leptospirosis.
2. Characteristics of leptospirae. All strains of leptospirae exhibit identi-
cal morphological features, even under the electron microscope.' Character-
istically, they are long slender structures, measuring 6 to 9 microns in
length and 0.25 micron in breadth, with sharp, pointed ends that are hooked
either in the same or opposite directions. Tightly coiled, minute spirals
running their length give them a beaded appearance under dark-field illumi-
nation." Recent electron microscope studies"'3" reveal that the body of the
organism is entwined by a fine spiral filament, and it has been suggested'
that this structure may be contractile and responsible for the characteristic
undulating, twisting, and propulsive movements of the leptospira. Minute
forms of the organism are thought to occur, since Berkfeld filtrates con-
taining no visible leptospirae are sometimes capable of infecting guinea-
pigs." In liquid media leptospirae are best demonstrated by means of dark-
field illumination. Although it is possible to stain them in dried thick films
by the Giemsa technique, silver stains are required for their demonstration
in tissues.
Leptospirae may be cultivated at a temperature of 25 to 30 degrees
centigrade in a variety of media containing guinea-pig kidney, whole blood,
or serum, and may be grown in the chorioallantoic membrane of the chick
embryo. They may also be propagated in susceptible animals. Young
guinea-pigs are used most widely, but since they are relatively resistant to
such strains as L. canicolad' and L. grippotyphosa,' hamsters and white mice
are often employed. A wide variety of other rodents and domestic animals
have been shown to be susceptible to experimental infections. Character-
istically, leptospiral infections are followed by the appearance of specific
serum agglutinins, lysins, and complement-fixing antibodies. Although
cross-agglutination and lysis with other strains of leptospirae often occur,
the titer against the homologous strain is usually significantly higher. Ag-
glutination tests are reasonably reliable, therefore, in distinguishing between
various leptospiral infections and in identifying isolated organisms. How-
ever, for the most accurate identification, cross absorption and neutraliza-
tion tests are required. The complement-fixing antibodies that appear after
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infection, while as diagnostic of leptospirosis as the agglutinins, are far less
type specific.'7
3. American strains of leptospirae. Most human leptospiral infections in
this country are due to L. icterohaemnorrhagiae, the most virulent of the six
strains identified. It produces not only classical Weil's disease with jaun-
dice, but also many anicteric infections, some of which are accompanied by
meningitis or nephritis.
L. canicola is a less common case of leptospirosis and usually produces a
much milder disease. In other respects, however, the infection is indistin-
guishable from that produced by L.icterohaemorrhagiae."6
Only a small number of L. pomona infections have been reported thus
far.7 18-21 However, the disease is so prevalent in cattle and swine`'2 that it
is quite possible that many human cases have been overlooked, particularly
since the infection is rarely accompanied by jaundice and is, thus, likely to
be confused with other diseases. Meningitis has been the outstanding fea-
ture in many American cases,'80' just as in swineherd's disease, the
European version of L. pomona infection.'M Serological evidence suggests
that L. bozis in cattle and L. pomona are identical.'
Recently it has been shown that L. autumnalis is the agent responsible
for Fort Bragg or pretibial fever, an anicteric infection characterized by
fever, splenomegaly, and pretibial rash.9"10 The disease was first recog-
nized in Georgia2' and later among soldiers stationed at Fort Bragg,
North Carolina in 1942.' It recurred in the latter area during the following
two years, but has not been seen again. A filtrable agent, thought to be a
virus, was recovered from the blood of one patient and was successfully
passed through guinea-pigs, hamsters, and embryonated eggs.' Curiously,
the true nature of the infection was not discovered until eight years follow-
ing the last outbreak, when leptospirae resembling L. autumnalis were
recovered from the blood of hamsters after the 365th serial passage through
guinea-pigs, embryonated eggs, and hamsters.9 Recently the antigenic struc-
ture of this organism has been shown to be more complex than that of
L. autumnalis, Akayami A, the agent responsible for autumnal fever in
Japan, and, accordingly, the special designation, L. autumnalis, Fort Bragg,
has been adopted.'0
Only one instance of an L. grippotyphosa infection has been reported in
this country.8 It occurred in a Texas farmer and was accompanied by
jaundice. In Eastern Europe the same organism produces a mild non-
icteric febrile illness known as mud fever or summer influenza.'
Recently, serological evidence of an L. bataviae infection was obtained in
a Louisiana trapper." No details of the clinical features in this case are
2X
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available. However, in Java the same strain is known to produce a mod-
erately severe illness with jaundice known as Indonesian Weil's disease.'
Ill. EPIDEMIOLOGY
1. Animal hosts. Leptospiral infections in man are almost invariably the
consequence of close contact with animals or their urine. The species that
harbor these organisms do not necessarily suffer any ill effects, although
some develop an illness which closely resembles that seen in man.
As the principal host of L. icterohaemorrhagiae, the rat is responsible for
most cases of Weil's disease. Although the dog is also capable of trans-
mitting the disease, it does so only infrequently.' L. icterohaemorrhagiae
has also been recovered from a variety of other animals, including field
mice, cats, pigs, and horses,' but these do not appear to be responsible for
infections in man. The sewer rat (Rattus norvegicus) is the principal vector
of the disease, but house rats (Rattus rattus and Rattus rattus alexandri-
nus) have also been implicated.' A high proportion of these animals have
been found infected in all parts of the world where surveys have been
carried out."' In the United States the incidence of infection in the rat
population of urban areas varies from 25 to 35 per cent.82' Leptospirae,
which appear to produce no ill effects in the rat, are excreted in large
numbers in the urine, and can be demonstrated in the kidney, but not in
the blood, liver, or other tissues.' The infection is transmitted from rat to
rat by contact with infected urine or urine-contaminated food and water,
and possibly through sexual intercourse.'
Dogs constitute the only natural reservoir of L. canicola. The rat is
peculiarly resistant, but a number of other animals can be infected experi-
mentally.! As previously mentioned, dogs may also harbor L. icterohaemor-
rhagiae, but do so far less frequently than L. canicola.' In both instances
the animal may suffer a highly lethal acute illness manifested by jaundice,
hemorrhagic gastroenteritis, or nephritis.8 However, serological studies in
healthy dogs have revealed an unusually high incidence of positive aggluti-
nation reactions,"' suggesting that mild and inapparent infections must be
relatively common. Not infrequently chronic nephritis is a sequel of acute
leptospiral infection in dogs and is accompanied by prolonged leptospiruria.
Transmission of the infection from dog to dog is the result of contact with
infected urine or urine-contaminated food and water. It may also be
acquired through sexual intercourse.'
L. pomona has been recovered from cattle and swine in many parts of
this country,"2 and serological evidence'8 suggests that it also occurs in
horses and mules but not in rats. The infection is often asymptomatic in
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pigs, but may cause abortion' or give rise to mild constitutional symptoms.'
In cattle the disease tends to be more severe and is occasionally fatal, being
accompanied by fever, jaundice, and hemoglobinuria.' However, asymp-
tomatic infections and uncomplicated abortion also occur. Little is known
about the epidemiology of leptospirosis in horses, but recent serological
evidence' points to L. Pomona as the etiological agent in recurrent irido-
cyclitis, a disease that affects this species.
The reservoir of L. autumnalis, Fort Bragg, is unknown. However, the
closely related strain found in Japan, L. autumnalis, Akayami A, is carried
by field mice.'
In Eastern Europe the vole, a type of mouse, is the natural host of
L. grippotyphosa.' Whether this species was responsible for the only human
infection reported in this country8 is not known. Similarly, the source of
the single L. bataviae infection observed in Louisiana' was not determined.
However, in Indonesia, where the disease is common, the sewer rat appears
to be the principal carrier.'
2. Transmission of leptospirosis to man. With few exceptions human
infections with L. icterohaemorrhagiae can be traced to direct or indirect
contact with contaminated rat urine. Occasionally, the disease is also
acquired as the result of rat bite," accidental contact with live cultures in
the laboratory' or handling of infected rat tissues. Man-to-man and intra-
uterine fetal infections are said to occur rarely,' and at least one instance of
probable venereal transmission has been reported.'5 The abraded skin and
the intact mucous membranes, especially of the conjunctival sac, nose,
mouth, and throat, serve as the usual portals of entry. There is considerable
doubt that leptospirae can penetrate the intact skin,' and it is unlikely that
they gain entry through the stomach and upper intestinal tract, since they
are readily destroyed in an acid medium.
Although Weil's disease may be acquired in any rat-infected environ-
ment, certain occupations provide peculiarly favorable conditions for infec-
tion, so much so, indeed, that some states now recognize leptospirosis as a
compensable occupational disease.' In this country fish cutters and cleaners,
butchers, miners, rat-catchers, sewer workers, plumbers, tunnel diggers,
garbage handlers, and dock workers are particularly subject to the
disease."'" As might be expected, infected dogs constitute a special hazard
for veterinarians and other dog handlers.! In other parts of the world,
especially in tropical and subtropical areas, the disease is particularly likely
to affect sugar-cane cutters' and rice-field workers who are obliged to work
in contaminated irrigated fields. During warfare soldiers not infrequently
become infected in poorly drained trenches. In view of the occupations that
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predispose to Weil's disease it is not surprising that 90 per cent of the cases
occur in adult males, and that only rarely are children affected.'
Swimming and accidental immersion in rat-contaminated stagnant bodies
of water constitute another important mode of acquiring Weil's disease.
Although swimming is thought to be the less hazardous of the two, out-
breaks have been reported amongst swimmers both in this countryt and
abroad." '- '
Certain environmental factors favor the spread of leptospirae and account,
in part at least, for many of the epidemiological features of Weil's disease.
These include dampness, a temperature of 22 to 25 degrees centigrade,
and a neutral or slightly alkaline medium in which leptospirae may survive
for as long as three weeks.' Accordingly, the summer months provide the
most favorable conditions for transmission of the disease in this country.!
However, the expected summer peak has not been observed in all series.'
L. canicola infections usually follow close contact with dogs that are
shedding leptospirae in their urine.' Since the organism survives in neutral
water, as in the case of L. icterohaemorrhagiae, infection may also occa-
sionally be acquired by swimming in stagnant contaminated water. Con-
sidering the high incidence of leptospirosis in dogs and the opportunities
for close contact with man, human infections are surprisingly few in
number. Of probable importance in this connection is the fact that the dog
is only a temporary shedder of leptospirae, seldom contaminates its environ-
ment to the same extent as the rat, and has an acid urine which does not
permit long survival of organisms.'
L. pomona infections in this country have followed close contact with
pigs1' and cattle,' handling of raw beef and pork,7' and swimming in water
presumably contaminated by infected hogs."8 Evidently, pigs are a more
common source of infection than cattle, although further experience with
the disease may not bear this out. As in the case of L. icterohaemorrhagiae,
the organism gains entrance to the body through the broken skin or intact
mucous membranes. However, in contrast to the other leptospiroses, in
which direct or indirect contact with infected urine is the principal mode of
infection, the handling of infected tissues would appear to be an additional
hazard peculiar to this disease.
As previously indicated, the epidemiological features of the few L.
autumnalis, Fort Bragg, L. grippotyphosa, and L. bataviaae infections re-
ported in this country have not been elucidated. However, experience with
these organisms in other parts of the world suggest that contact with
contaminated rodent urine will prove to be the cause of infection.
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IV. PATHOGENESIS
1. General features. Following an incubation period of 7 to 13 days
(extremes 4 to 19 days),' and coincidental with the onset of symptoms,
L. icterohaemorrhagiae which have gained access to the body make their
appearance in the blood in large numbers, and are soon disseminated to
most, if not all, of the tissues.' By the end of a week, however, the lepto-
spirae have usually vanished from the blood and can seldom be found in any
of the tissues except the kidney""8"' and occasionally the liver." Rarely, a
few degenerate organisms may be demonstrable in other tissues as late as
the sixteenth day of the disease." It is generally assumed that the disap-
pearance of organisms from the blood and tissues is related to the develop-
ment of immune bodies,"1 although diagnostically significant titers are
seldom demonstrable until several days to a week later. The period of lepto-
spiremia is characterized by severe constitutional symptoms of toxic origin.
Clinical manifestations related to the development of lesions in the liver,
kidneys, and other special tissues do not become evident until the end of the
first week, or even later, at which time leptospiremia is diminished or has
actually ceased. Since most fatalities occur in the second or third week of
the disease,5"' little is known about the early lesions in man. However, the
autopsy findings in several cases that have died on the fifth or sixth day'0"""'
suggest that tissue injury may occur during the stage of leptospiremia and
before localizing signs become evident. Of interest in this connection is the
observation that in experimental animals leptospirae may be demonstrable
in the liver before they appear in the blood.'
The liver, kidneys, muscles, blood vessels, and meninges are the tissues
most frequently involved in L. icterohaemorrhagiae infections, but others
may be affected in individual cases.
In general the behavior of the other strains of leptospirae found in this
country is very similar to that of L. icterohaemorrhagiae. However, the
infections they produce in man tend to be less severe, and are less likely to
be accompanied by signs of hepatic and renal involvement. These will be
discussed more fully in Section V. The tissue changes found in fatal cases of
L. canicola infection resemble those of Weil's disease." Their nature in the
other leptospiroses found in this country is not known, since no fatalities
have been reported.
2. Pathologic anatomy
(a) Liver. One of the striking features of Weil's disease is the remark-
able discrepancy between the severity of the jaundice and the extent of the
hepatic lesions found at autopsy. The histological changes usually observed
include (1) dissociation and disorganization of the centrilobular paren-
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chymal cells, (2) active hepatocellular regeneration, as evidenced by the
presence of numerous binucleate cells and mitoses, (3) minimal degenera-
tive changes in the cytoplasm and nuclei of the parenchymal cells, (4) bile
stasis, especially in the centrilobular canaliculi, and (5) a predominantly
mononuclear infiltration of the portal zones.'-"" In the most severe cases,
small areas of focal necrosis occur and, rarely, massive hepatic necrosis may
supervene.' However, it should be emphasized that necrosis is distinctly
unusual, and that the liver may actually show no changes whatever even in
the presence of deep jaundice.' It is difficult to account for the unusual
regenerative activity of the parenchyma which is such a striking feature in
this disease. It would seem reasonable to suppose that it represents a
response to antecedent cellular necrosis. However, serial studies of the liver
in experimentally infected animals' do not support this interpretation,
mitotic activity being demonstrable in the absence of necrosis, just as in
man. Leptospirae can be demonstrated in the liver in only half the cases
that come to autopsy. They are usually found overlying the parenchymal
cells but do not appear to penetrate them."
The jaundice of Weil's disease is almost certainly due to hepatocellular
injury, although increased hemolysis may be a contributory factor. Since
jaundice is occasionally seen in the absence of histologically demonstrable
cellular changes,"' it must be assumed that apparently intact parenchyma
may suffer a functional derangement in bilirubin excretion. There is no
evidence that extrahepatic biliary obstruction plays any role in the jaundice
of Weil's disease, and the bile thrombi found in the canaliculi are generally
considered the consequence rather than the cause of cellular injury and bile
stasis. The presence of phagocytized erythrocytes in the liver, spleen, and
sites of hemorrhage" is consistent with the impression that the rate of
hemolysis is often increased. Although hemolysis undoubtedly contributes
to the jaundice under these circumstances, it is obviously not its sole cause
since the degree of anemia produced is seldom of sufficient severity to
account for the depth of the accompanying jaundice. Moreover, the clinical
and chemical features of the jaundice are not those of a predominantly
hemolytic process.
Since non-icteric leptospirosis is rarely fatal, it is not known whether it
is associated with any morphological changes in the liver. However, altera-
tions in hepatic function have been observed in some, but not all cases.'7
(b) Kidneys. In general the renal lesions in Weil's disease""'5" are
more impressive than those in the liver, and leptospirae are more frequently
demonstrable. When present, the latter are found both in the tubules and
interstitial tissue."" The kidneys are usually enlarged and moderately bile
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stained. Microscopically, they show: (1) degeneration and necrosis of the
convoluted tubules, (2) a diffuse infiltration of the interstitial tissue by
lymphocytes, monocytes, and occasional polymorphonuclear and eosino-
philic leukocytes, (3) numerous granular casts and cellular debris in the
distal convoluted and collecting tubules, and (4) small hemorrhages into
the capsule, interstitial tissue and tubules. The glomeruli are usually intact,
but occasionally show changes resembling those of acute glomerular
nephritis.'
The lesions in the kidney are almost certainly due to the invasion of
leptospirae and are unrelated to the accompanying hepatic failure. As might
be expected, they frequently produce a type of renal insufficiency that
closely resembles that seen in lower nephron nephrosis due to other causes.
(c) Muscles. Highly characteristic lesions can usually be demonstrated
in the skeletal muscles in L. icterohaemorrhagiae infections, and their num-
ber can be correlated with the severity of the disease."9 It is quite possible
that they are responsible for the myalgia which is such a striking clinical
feature. Early in the disease individual fibers show localized areas of vacuo-
lization with loss of striations and multiplication of adjacent sarcolemma
nuclei. Later, sarcolemma cells invade these necrotic foci and remove any
remaining debris. In mild cases, new myofibrils appear within these cells,
while in more severe cases the foci are infiltrated with lymphocytes and
plasma cells and undergo fibrosis. Leptospirae have not been demonstrated
in any of these lesions, although they have not been studied before the
eighth day of the disease. The absence of hemorrhage and vascular lesions
serves to distinguish them from Zenker's degeneration and the lesions seen
in rickettsial disease.
(d) Blood vessels. The serosal surfaces, mucous membranes, and many
of the viscera frequently exhibit petechial hemorrhages. In more severe
cases, there may be purpura of the skin and gross bleeding into the gastro-
intestinal tract, pulmonary tree, or urinary tract. Since there is no reduction
in the platelet count or prolongation in the bleeding or coagulation time, it
is generally believed that the hemorrhages are due to capillary injury.' The
prothrombin concentration is usually only slightly to moderately decreased.'
However, it occasionally falls to very low levels in severely jaundiced
cases,," and may, thus, contribute to the hemorrhagic tendency.
(e) Meninges. The meninges are often the site of a low-grade lympho-
cytic and plasmocytic inflammatory reaction.! This is usually accompanied
by pleocytosis of the cerebrospinal fluid. Degenerative changes are seen in
the neurones, but there is no inflammatory reaction in the substance of the
brain or spinal cord.
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(f) Heart. A variety of lesions may occur in the heart. These include:
(1) hemorrhages into the epicardium and endocardium, (2) round-cell
infiltration and degenerative changes in the myocardium resembling those
seen in skeletal muscles,' and (3) rarely, acute vegetative endocarditis.'
V. CLINICAL MANIFESTATIONS'5,"' 0
As previously indicated, the clinical picture in leptospirosis varies,
depending not only on the virulence of the particular strain involved, but
also on its predilection for certain tissues.
1. Weil's disease. In L. icterohaemorrhagiae infections the clinical mani-
festations emerge in two phases. Early in the disease there are severe
constitutional symptoms related to the presence of leptospirae in the blood.
Later, localizing signs appear pointing to invasion of specialized tissues,
especially in the liver, kidneys, and meninges. The two phases overlap to
some extent, and in some cases localizing signs fail to develop. In the classi-
cal form of the disease the latter half of the clinical course is usually domi-
nated by signs of hepatic and renal involvement. However, these may be
lacking, and the infection may present as a simple acute febrile episode or
as an acute aseptic meningitis."'w This is particularly likely to occur in mild
L. icterohaemorrhagiae infections and is characteristic of many of the
infections induced by other less virulent strains.
Characteristically, the onset of symptoms in Weil's disease is sudden,
with fever, headache, and severe prostration. Muscle pain, especially in the
calves and lumbar region, is usually a prominent feature and may be accom-
panied by local tenderness. Chilly sensations are common, and occasionally a
shaking chill ushers in the disease. Marked conjunctival injection is usually
present and is a helpful diagnostic sign. As the disease progresses, hemorr-
hagic herpes labialis, gastrointestinal symptoms, nuchal rigidity, and cough
often appear. Morbilliform and scarlatiniform rashes are seen in approx-
imately 10 per cent of cases. At this stage, leptospirae can be demonstrated
in the blood, but physical signs, other than those of a severe infection, may
be completely lacking. Leukocytosis is the rule, and the cerebrospinal fluid
often contains an increased number of cells.
Toward the end of the first week, as the leptospirae are disappearing
from the blood, the temperature falls, but the patient's general condition
usually worsens. Although muscular aching and many of the other consti-
tutional symptoms diminish, prostration, anorexia, and gastrointestinal
complaints increase, and, at the same time, the characteristic signs ofhepatic
and renal involvement make their appearance. Jaundice, which is usually
noted on the sixth or seventh day, rapidly increases in intensity, reaching a
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peak within a few days. It is generally accompanied by enlargement and
tenderness of the liver, bilirubinuria, and, occasionally, by clay-colored
stools, pruritus, and bradycardia. Splenomegaly is unusual, occurring in less
than 10 per cent of cases. During the initial febrile period, the urine often
contains a small amount of albumin, a few cells and casts. However, as the
typical renal lesion develops, the urinary output falls, albuminuria increases,
casts, leukocytes, and erythrocytes appear in increasing numbers, the spe-
cific gravity tends to become fixed at 1.010, and, in the most severe cases,
azotemia and anuria ensue. The blood pressure tends to fall to a low level,
and a number of other cardiovascular abnormalities may be noted. Epistaxis
and other hemorrhagic phenomena often occur at this time. Central nervous
system manifestations are also very common, especially in seriously ill
patients.
In favorable cases, signs of clinical improvement become evident as early
as the second week. However, convalescence may be delayed until the third
or fourth week in severe infections. Recovery is usually slow, convalescence
being marked by asthenia and anemia. Relapses are relatively common,
occurring in approxiately 20 per cent of cases. These are characterized by a
brief recrudescence of fever and mild constitutional symptoms occurring
usually between the third and fifth week. Rarely, there are several such
episodes.
Most deaths occur between the ninth and sixteenth day, although fatal-
ities have been reported as early as the fifth and as late as the twenty-first
day.'1 Renal failure accounts for most of these, but hepatic failure, cardiac
decompensation, massive hemorrhage, and terminal pneumonia may be
important complicating factors. Only rarely is hepatic failure a primary
case of death.' The mortality rate in L. icterohemorrhagiae infections varies
in different parts of the world. Differences in strain virulence, individual
susceptibility, and environmental factors may account for some of these
variations, but the frequency with which mild infections are recognized
would appear to be an important factor, since the mortality rate in non-
icteric cases is negligible. In this country the mortality rate is approximately
25 per cent, which is somewhat higher than in parts of Europe where mild
infections are more frequently recognized.'
(a) Fever. Characteristically, the temperature rises abruptly to 102 to
104 degrees Fahrenheit, runs an irregular remittent course, and falls to
normal by rapid lysis in 4 to 7 days. Occasionally, the duration of fever is
more prolonged, but rarely exceeds 12 days." Although a sudden onset is
highly characteristic, it is not seen in all cases.' Severe shaking chills are
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relatively uncommon. The brevity of the fever and the absence of recurrent
chills are of great importance in differential diagnosis.
(b) Jaundice. The onset of jaundice is variable, but rarely if ever occurs
before the third or after the tenth day of the disease. Characteristically, it
reaches a maximum within a few days and then subsides over a period of a
week or ten days. The intensity of the jaundice is variable, depending on
the severity of the infection, but, in general, tends to be mild to moderate.'
Tests of liver function usually reveal the typical pattern of hepatocellular
injury.""' On the basis of current statistics it is estimated that one-third of
the infections with L. icterohaemorrhagiae are unaccompanied by jaundice.'
However, it has been suggested that the liver is not completely spared in
such cases, since the latter often exhibit hepatomegaly' and impairment of
liver function.!
(c) Renal manifestations. All gradations of renal injury are seen in
Weil's disease. In approximately 15 per cent of cases, the kidney appears
to be spared.! This is particularly apt to occur in patients without jaundice.
However, severe renal failure has been reported in non-icteric Weil's
disease, and has been termed leptospiral nephritis.' This condition may be
mistaken for acute glomerulonephritis, although the acute onset, high fever,
and myalgia should alert the clinician to the possibility of leptospirosis. The
differentiation from acute pyelonephritis with renal failure may be more
difficult in the absence of serological studies. Despite its severity, the renal
lesion appears to be reversible and goes on to complete recovery in non-
fatal cases. Leptospirae can often be demonstrated in the urine by the thir-
teenth to fifteenth day, and occasionally as early as the sixth day.1' Usually
they disappear by the fortieth day, but rarely may persist for many months.'
(d) Meningitis. Spinal fluid pleocytosis and xanthochromia are seen in
approximately 90 per cent of patients with Weil's disease.' The cell count is
usually under 100, but may be as high as 3,000 per cu.mm. Lymphocytes
predominate, but in the first week of the disease as many as 50 per cent of
the cells may be polymorphonuclear. The protein content is increased in
only half the fluids with pleocytosis and is seldom high. Only half the cases
with abnormal spinal fluid findings develop clinical signs of meningitis.
Occasionally meningismus occurs in the absence of spinal fluid abnormal-
ities. Leptospirae may be demonstrated in the fluid during the first week
of the disease.
Meningitis is also seen in non-icteric infections with L. icterohaemor-
rhagiae," and may be readily confused with other forms of lymphocytic
meningitis due to neurotropic viruses. Certain clinical and epidemiological
features suggest that there may be some fundamental differences between
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non-icteric leptospiral meningitis and that seen in classical Weil's disease.
The former occurs in males under the age of 30, is seen chiefly in the late
summer, and is usually associated with a normal leukocyte count and little
or no muscle tenderness.' It is particularly apt to occur following bathing
or accidental immersion in infected waters, and is often accompanied by
pharyngitis, suggesting that the portal of entry may be in the nasopharynx,
or possibly the conjunctivae.' Characteristically, the clinical course is
benign and the patients are rarely very ill. An identical type of meningitis
frequently accompanies L. pomona infections.''"' Rare instances of chronic
leptospiral meningitis have been reported.'7
(e) Central nervous system. A variety of central nervous system mani-
festations occur in seriously ill patients with leptospirosis. These include
delirium, hallucinations, restlessness, apathy, convulsions, and loss of con-
sciousness. Since morphological changes can seldom be demonstrated, it
must be assumed that they are due to functional disturbances related to the
toxemia of infection, renal insufficiency, and hepatic failure.
(f) Hemorrhage. Epistaxis and small conjunctival petechiae are rela-
tively common in Weil's disease. In more severe cases, hemorrhages occur
with great regularity."' These may take the form of purpura in the skin
and mucous membranes, melena, hematemesis, hemoptysis, or hematuria.
Rarely, massive hemorrhage into the adrenals may produce the Waterhouse-
Friderichsen syndrome.'
kg) Ocular manifestations. Characteristically, early in the course of
Weil's disease there is marked injection of the conjunctiv'al vessels, espe-
cially around the cornea, without significant conjunctival swelling or secre-
tion. Rare complications at this stage include optic neuritis and hemorrhages
into various parts of the ocular globe.
Iridocyclitis is a late sequela of leptospirosis which occurs in approxi-
mately 10 per cent of patients with Weil's disease.' It is also seen following
infections with L. canicola, L. pomona, L. grippotyphosa, L. hebdomadis,
and L. australis B.' The signs of uveitis usually appear one to six months
following recovery from the initial acute febrile illness, but may occur as
early as the second week of the disease, or as late as a year following
recovery. Recent evidence suggests that the late eye complications of lepto-
spirosis may be due to the continued presence of leptospirae in the eye.
Thus, in a recently reported case of uveitis following an accidental labora-
tory infection with L. alexi,T leptospirae were recovered from the anterior
chamber of the eye approximately seven weeks after the initial acute febrile
episode. It has been suggested that survival of leptospirae in the eye may be
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related to the fact that the aqueous humor, which contains little protein, has
a very much lower titer of agglutinins than the serum.'
In a recent study of iridocyclitis carried out in Atlanta,' one out of the
nine patients investigated was found to have serological evidence of a
recent, unrecognized L. pomona infection. However, a survey of 102 similar
cases at the Walter Reed Hospital in Washington' failed to disclose sero-
logical evidence of leptospiral infection in any, suggesting that leptospirosis
is probably a relatively uncomon cause of uveitis in this country.
(h) Gastrointestinal and abdominal symptoms. Anorexia, nausea, vomit-
ing, and constipation are frequent complaints in Weil's disease. Severe
abdominal pain, tenderness and spasm, usually of muscular origin, are of
particular importance, since they not infrequently lead to errors in diagnosis
and needless surgical exploration for acute appendicitis or cholecystitis.'
(i) Cardiovascular manifestations. In addition to hypotension and tachy-
cardia, which are common in many other infections, patients with Weil's
disease are particularly subject to disturbances in cardiac function. Dilata-
tion of the heart, gallop rhythm, conduction defects, arrhythmias, and elec-
trocardiographic abnormalities are all known to occur."'l These can prob-
ably be related to the presence of myocardial lesions, although functional
disturbances due to renal failure, hemorrhage, and toxemia undoubtedly
play a role in many cases. Pericarditis is also seen occasionally.' All of these
abnormalities appear to be reversible and leave no residuals following
recovery. Rarely, leptospirae are responsible for an acute vegetative
endocarditis.'
(j) Respiratory symptoms. Almost half the patients with Weil's disease
develop cough and sputum, and occasionally these are accompanied by
pneumonitis."'
2. Canicola fever. L. canicola infections closely resemble Weil's disease,
but tend to be less severe and are less often accompanied by jaundice and
leukocytosis; meningeal signs and febrile relapses, on the other hand, are
more common and females are affected more frequently.6 Jaundice, which
occurs in only 10 to 15 per cent of cases, is usually mild and of relatively
brief duration. Meningeal signs and febrile relapses are seen in almost half
the cases. The former characteristically appear early in the course of the
disease, the latter during convalescence. Albuminuria is a common finding,
but azotemia, hematuria, and cylindruria occur less frequently than in
Weil's disease. Fatalities are rare."
3. Pretibial (Fort Bragg) fever. The peculiar disease observed in
soldiers during the period 1942-44, and later shown to be due to an infec-
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tion with L. auttumnalis, Fort Bragg,9"0 was characterized by an acute
febrile episode accompanied by rash, splenomegaly, and leukopenia.' The
onset was sudden, with frontal headache, post-orbital pain, backache, chills,
and fever, and was characteristically followed on the fourth day by the
appearance of a bilaterally symmetrical raised erythematous rash over the
pretibial areas which faded in approximately 48 hours. The fever, which
lasted for four to eight days, was almost always spiking in character and
was usually accompanied by a relative bradycardia, slight leukopenia, and
splenomegaly. Lumbar puncture in a few cases yielded normal spinal fluid.
No fatalities occurred. As previously mentioned, the disease has not been
encountered during the past ten years.
4. L. pomona infections. Most of the L. pomona infections in this
country have been characterized by an acute febrile illness accompanied by
chills, myalgia, and signs of an aseptic lymphocytic meningitis.'8 '- None
has been associated with jaundice, and all have gone on to uneventful
recovery. However, jaundice has been reported occasionally in swineherd's
disease, the European version of L. pomona infection.'M Only one American
case2' has shown the biphasic temperature curve and delayed appearance
of meningitis so characteristic of swineherd's disease. In another,'9 arthritis
and myocarditis were the outstanding features and suggested the possibility
of rheumatic fever. Thus far only one instance of delayed iridocyclitis has
been recognized.'
5. L. grippotyphosa infections. The only L. grippotyphosa infection
recognized in this country8 resembled classical Weil's disease and was
accompanied by jaundice. In contrast, the infection in Europe tends to be
milder, often resembles influenza and rarely produces jaundice.'
6. L. bataviae infections. No clinical data are available on the alleged
L. bataviae infection reported from Louisiana." In Indonesia the infection
resembles Weil's disease, is often accompanied by jaundice, and has a high
mortality rate.' However, in northern Italy the organism appears to be less
virulent and seldom produces jaundice or death.'
VI. LABORATORY FEATURES
1. Hematology. The leukocyte count in classical Weil's disease is usually
elevated, ranging between 12,000 and 30,000 per cu.mm., and is accom-
panied by an increase in the number of polymorphonuclear cells and band
forms, and occasionally by the appearance of myelocytes in the peripheral
blood." ' Leukocytosis is also seen in L. canicola infections, but much less
frequently.6 In contrast, the leukocyte count is usually normal in cases of
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leptospiral meningitis, due either to L. icterohaemorrhagiae' or L. pomona,"
and tends to be low in infections with L. autumnalis, Fort Bragg."
Microcytic hypochromic anemia is often present late in the course of
severe leptospiral infections.' This can probably be related to the loss of
blood and to the hemolytic component previously described.
The platelet count and the bleeding and clotting times are usually
normal.'
2. Liver function tests. In jaundiced cases the results of liver function
tests are consistent with hepatocellular injury. There is usually an increase
in serum bilirubin, thymol turbidity, serum alkaline phosphatase, bromsul-
phalein retention, and urine urobilinogen, and a decrease in prothrombin
and serum cholesterol; the cephalin and cholesterol flocculation reaction is
positive.' Bile is present in the urine, and the stools are occasionally clay-
colored.' The prompt, direct reacting fraction of bilirubin in the serum is
increased.' On electrophoretic analysis, the serum shows an increase in
alpha-2 and gamma globulin and a decrease in albumin.'
3. Demonstration of leptospirae. Leptospirae are present in the blood
during the first week of the disease, but not thereafter. They usually appear
in the urine toward the end of the second week, and may persist for 30 days
or more.1' Occasionally, they can be demonstrated in the spinal fluid during
the period of leptospiremia.'
Three methods are used for detecting the presence of leptospirae in these
fluids: (1) dark-field examination, (2) culture, and (3) animal inoculation.
Artefacts are so common that dark-field examination of body fluids for lep-
tospirae is generally regarded as an unreliable procedure, even in the hands
of an expert. Recently it has been shown that the direct culture technique
provides the simplest and most reliable method for isolating leptospirae
from blood and spinal fluid,'7 although it has the disadvantage of being
somewhat slow and unsuited to the examination of urine.' The inoculation
of susceptible animals, especially young guinea pigs, mice, and hamsters, is
still the most widely used technique and is the only reliable method of
isolating leptospirae from urine.'
(a) Culture. Fletcher's semi-solid medium and Schiiffner's modification
of Verwoort's liquid medium have both proved to be highly satisfactory for
this purpose.1
Five ml. of medium are inoculated with 0.03 ml. of freshly drawn venous
blood, or blood defibrinated by means of gentle shaking with glass beads.
The latter is satisfactory for cultural purposes up to four hours following
collection, so that specimens may conveniently be brought to the laboratory
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when media are not immediately available.' The cultures are incubated in
the dark at a temperature of approximately 30 degrees centigrade, and are
examined by dark-field illumination on the seventh, fourteenth, and twenty-
eighth days. Positive cultures can then be subcultured and identified by the
agglutination-lysis antibody absorption technique. In a recent study'7
approximately one-third of the cultures were positive by the seventh day,
one-half by the fourteenth day, and the remainder by the twenty-eighth day.
(b) Animal inoculation. Young guinea pigs, weighing approximately
150 grams, and weanling syrian golden hamsters, weighing approximately
30 grams, are inoculated intraperitoneally with 1.0 ml. and 0.5 ml. of
defibrinated blood, respectively."7 It is wise to use both species since guinea
pigs are often resistant to certain strains, such as L. canicole'and L. grippo-
typhosa.8 In the case of urine, preliminary alkalinization should be carried
out by administering sodium bicarbonate to the patient before the collection
is made. The specimen is then centrifuged at high speed, preferably under
conditions of refrigeration, and the sediment suspended in a small volume of
saline and inoculated intraperitoneally, as in the case of blood.' Cardiac
puncture is carried out on the fourth day, and in successful transfers posi-
tive cultures are thus often obtained. Jaundice becomes apparent on the
seventh or eighth day, and is usually followed by death on the tenth to
twelfth day. At autopsy the characteristic findings are bile staining of the
tissues and hemorrhages into the lungs, pleura, and peritoneum. However,
not all infections result in jaundice and a fatal outcome, so that surviving
animals should be sacrificed on the fourteenth day and cultures taken of
kidney and liver suspensions in saline. If culture media are not available,
serial dark-field examination of aspirated peritoneal fluid may reveal the
presence of leptospirae as early as the fourth day.
4. Serological tests.
(a) Agglutination-lysis. Specific agglutinins appear in the serum during
the second week. Rarely, they can be detected as early as the sixth day,"8
but diagnostic titers are usually not found before the fourteenth day. The
titer continues to rise during convalescence, often exceeding 1: 20,000, and
not infrequently remains elevated for many years.' A titer of 1: 300, or a
fourfold increase in the titer of paired-sera from a given patient, is con-
sidered diagnostic of leptospirosis."" The most reliable results are obtained
with a freshly prepared antigen consisting of a suspension of formalinized
leptospirae,' which has the added advantage of being safer to handle than
live leptospirae. However, by using the latter it is also possible to demon-
strate the presence of specific lysins in the higher dilutions of serum as the
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endpoint of agglutination is reached. Following formalinization, leptospirae
become resistant to the action of lysins, so that the final titer in the aggluti-
nation-lysis reaction is somewhat lower than with live organisms.'
As previously indicated, cross-agglutination between leptospiral strains is
common, but, as a rule, the maximum titer is obtained with the particular
strain involved. Nevertheless, precise identification requires cross-agglutinin
absorption and neutralization tests. It has been estimated that at least seven-
teen antigenically distinct strains of leptospira are needed to assure detec-
tion of all known forms of leptospirosis by the agglutination-lysis tech-
nique.'7 From a practical standpoint, however, only those strains known to
occur in this country need be used as test antigens.
(b) Complemtent fixation. Recently it has been shown that the comple-
ment-fixation reaction employing sonic-vibrated leptospirae as antigens is
fully as reliable and specific as the agglutination-lysis technique in detecting
acute leptospirosis.1' Moreover, it has the advantage of becoming positive
somewhat earlier and in requiring a smaller number of antigens. Comple-
ment-fixing antibodies may occasionally be detected as early as the second
day, but more commonly they appear on about the tenth day. A four plus
reaction in undiluted serum is considered positive.' The maximum titer
attained is very much lower than that of the agglutinins, averaging only 1
to 128. Sonic-vibrated L. icterohaemorrhagiae, L. grippotyphosa, and L.
hyos provide a sufficiently broad spectrum of antigens to permit recognition
of the complement-fixing antibodies of most known types of leptospirosis.
As might be expected, therefore, a positive complement-fixation reaction
affords no information regarding the precise strain of leptospira involved.
VIl. DIAGNOSIS
Of primary importance in the diagnosis of leptospirosis is an awareness
of the wide distribution of the disease and familiarity with its protean mani-
festations. Once the possibility of infection is entertained, laboratory con-
firmation is relatively simple. During the first week an attempt should be
made to isolate leptospirae from the blood by animal inoculation or culture.
At the same time a specimen of serum should be examined for leptospiral
agglutinins and/or complement-fixing antibodies. Although these are sel-
dom demonstrable in significant titer before the end of the second week,
the first determination serves as a base-line for subsequent tests which
should be carried out at weekly intervals. If there is no significant rise
in the titer by the end of a month, the diagnosis of leptospirosis can be
excluded. Muscle biopsy and spinal fluid examination are important ad-
juncts, since they make it possible in some cases to establish a presumptive
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diagnosis before confirmation by animal inoculation or serological study
can be obtained.
During its initial phase Weil's disease may be confused with a number of
other febrile illnesses, including influenza, typhus, trichinosis, brucellosis,
and sepsis of various types. As localizing signs develop in the liver, kidneys,
and meninges, it must be differentiated from viral hepatitis, obstructive
jaundice, suppurative cholangitis, acute nephritis, and acute bacterial and
viral meningitis.
The occupational history, or other opportunity for exposure to a rat-
contaminated environment or to dogs, the abrupt onset, early prostration,
muscle pain, and prominent conjunctival injection should alert the clinician
to the possibility of Weil's disease early in the course. Later, the combina-
tion of jaundice with signs of nephritis and/or meningitis is highly sug-
gestive of the diagnosis. Spinal fluid xanthochromia and pleocytosis are
particularly important clues, since the combination is seldom seen in other
types of jaundice. In severe viral hepatitis and in decompensated cirrhosis
with jaundice, the spinal fluid often contains a small amount of bilirubin
and an increased concentration of protein, but the cell count remains nor-
mal.' Rarely, spinal fluid xanthochromia is also seen in biliary obstruction,
but only when the jaundice is intense and of long duration. In contrast,
Weil's disease often produces xanthochromia when the jaundice is mild and
of very short duration. The brevity of the febrile period, usually under a
week and rarely as long as twelve days, and the infrequency of recurrent
chills, except at the onset, are other important features which serve to dis-
tinguish Weil's disease from many other conditions with which it may be
confused.
The cases of leptospirosis most difficult to recognize are those in which
jaundice does not develop. Included in this group are not only instances of
anicteric Weil's disease and canicola fever, but also most L. pomona infec-
tions. These may present as acute fevers without localizing symptoms, in
which case the clinical features usually resemble those of the leptospiremic
phase of Weil's disease, or as instances of "primary" meningitis. The possi-
bility of leptospirosis should be considered in any case of aseptic meningitis,
particularly if there has been any opportunity for exposure to rats, dogs, or
cattle. Rarely, anicteric leptospirosis presents as an acute nephritis and may
be mistaken for acute glomerulonephritis or pyelonephritis. The severity of
the constitutional symptoms and fever are out of keeping with the former,
but the differentiation from the latter may be very difficult unless the possi-
bility of leptospirosis is considered and appropriate laboratory studies
carried out.
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Vil. TREATMENT
Of all the specific therapeutic agents that have been tried in Weil's
disease, only immune serum of animal origin5 and transfusions of con-
valescent whole blood or plasma"4' have proved effective, and, then, only
if given before the appearance of jaundice. Unfortunately, anti-leptospiral
serum is not available in this country, and, only under the most unusual
circumstances, is a convalescent donor at hand.
The results of antibiotic therapy have been equivocal and are still under
investigation. Penicillin is lethal for leptospirae in cultures and protects
guinea pigs against death if given within 18 hours of infection; however, it
is completely ineffective if administered following the appearance of symp-
toms.' Aureomycin and streptomycin are also lethal for leptospirae and
have been shown to be therapeutically effective in dog leptospirosis, not
only during the acute phase of the disease, but also in the more chronic
carrier state.' Unfortunately, the results of antibiotic therapy in man have,
on the whole, been disappointing. Penicillin appears to be effective in
patients treated on the first day of illness," but has no effect on the course
of the disease when given after the onset of jaundice."9 In a recent study of
67 cases penicillin, aureomycin, terramycin, chloramphenicol, and strepto-
mycin had no effect on the duration of fever and failed to prevent or ameli-
orate hepatic and renal involvement.'7 Of special interest was the observa-
tion that the antibiotics frequently failed to eradicate leptospiremia and
prevent relapses.' It should be noted, however, that treatment in this series
was not begun until an average of 6.7 days had elapsed, and that 44 per cent
of the cases were jaundiced. In view of its in vitro action on leptospirae
and its effectiveness in protecting animals against fatal infections, it would
seem reasonable to employ massive doses of penicillin early in the course of
Weil's disease, at least until such time as the results of antibiotic therapy
have been more fully evaluated.
The general management of Weil's disease is very much like that of any
other acute systemic infection. However, there is, in addition, an urgent
need for a close watch on kidney function, and, when renal insufficiency
supervenes, for judicious regulation of fluid, electrolyte and nitrogen
balance. As in other types of reversible acute renal failure characterized by
severe oliguria and azotemia, the aim is to establish and maintain the inter-
nal chemical environment as close to normal as possible. This is accom-
plished by limiting the intake of fluid and electrolytes to measured or esti-
mated losses, and maintaining a low protein intake while providing sufficient
carbohydrate and fat to meet caloric demands. Frequent determinations of
blood and urine electrolytes greatly facilitate such regulation, but are not
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always essential. Blood loss is often an important consideration in severe
infections and should be replaced. There is no evidence that the diet has any
influence on the hepatic lesions in leptospirosis, and the high protein intake
often recommended in liver disease may be distinctly harmful if renal
insufficiency is present.
IX. PROPHYLAXIS
Vaccines prepared from heat-killed or phenol-treated leptospirae are
effective immunizing agents.8 They are used to some extent in areas where
the disease is prevalent, and in laboratory workers who are heavily exposed
to infection.
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